o >T1 =r Ul /H\CUV\J- \ t GHs3±*.KCKJ\JV .VO .£-■*) J IT. 

^ 2000-001 7349 



(19) qmhDJ^n^tKKR) 

(12) ^P^§fi(A) 

Pi * (11) SJMtt ^2000-0017349 

1)/0 g ' (43) §?HStt 2D00M 03^25^' 



(21) m&>2± 10-1999-0033887. 

(22) ga^TJ- 1993^08^17^' 



(30) 1993-231602 1998t308S18§ gg(JP) 

(71) g§!3 gei 7H?AI?I7K)W £AI HMOI 

US OlttWW-9 23-237IVAIDI 7(01 At EAIUI- LIAl^S E|0| 

ns^ 7Hi?era ^sjapiai awisioi 3 ? sa^eis ?2sw 

(72) USA! Q?l*tAI7h£«1S 

g!e^AHDIEIOK7H2P*IAIAIfcl|5-3-17 
0M»7eflAI 

1S^AH)I EHDroi LH3I AJOI EKJB A|E|£?|£ A|2irD1 375- 1 9 

^'e^A>OIEH]PIEl?h2A|?e^7|£Dhfla?HraOIUA|1-13-6 
(74) [HEI21 A1S& 



r&» gag oig»g«*?i>i h&*w m± la^An a jg-tngwa 

= ns^ sss snoimai ss&oj sooihsi ^mso zi^ssi g^rsopi ss^ 

oisg a<wfc &nm stiefe eon suoia oiss*nxi AjgEin, a sioh 

»«S, 40'COHAI &«M0| l.Oxlo'fc 0123 StJ&fe B>Etl S0OIB§ I3SSAIMM 303 

ass 

st 

3 MM 

assi isssaimsi assom; 

E 2 LHAI 5£ S £SS£A|J=(S*fAIM)e A^h= BjS IC S2| X1I2&S2I &?Uit UEF3Q. 

E 6S g£H2J OI3S*T &H0IIAI ©«SEI= § El££| M?HJSS UEM3Q. 

e tgs ojoiffl 0IS3*fAI *I*B Afg£|= g*fAIM0il 5h*j- 550ID. SEf ^ABSh 

e W8 mm oia« s^san sooiasy ^ihi spa sm, ggaisss oiss ?hth£j 

go? gltfh^ SUOIIH AlgEI^ 3*rA|M0il 5*fc* 3J0ID. 

£15. IC ?IES| M20I BtSEIU, UOPMfe 0|g°l *|*!SPt fi^EIH 3D. £02* At, 3HWKS BJ 
ESI SSI ^WIS 50-1MW EES 3 OISWOT Sf7fl V B£t?t ao. 

SI SIS 1 SSSt $0)1 SJOIffl 013 e 3^F= aOI ISS|££ 4'AIEIOI SCI. SflOIBl oaacH 

ioo*B oisiim s^sow tcra, aioissj ss^f &±tm. n §2h sboiih= mesp\ mm. 
wmis wrv\ % mm \mm lhob sgoi aaas. □ noi.sm 3§oi w*t&. 01 



6-1 



^2000-0017349 



9JI0IEI 3711 £5*101. §2| 4^11 »mAI€!Q. 

§?HS HI 5(1993)-335411h SMIHIS £71 31 £301 7l°!S r = S»0|It|2| *t7»\7\ *I*H, 

llOlffl fiS^HS^EI 42 301°] □^"(groove)! *j£*> t, 9110 IB 0155s 3*!*^ »E« £J£J 



*H2^SOI 7HAISJOJ 2JP-. 
SiQ. 

□BILL £71 SEOIAIE S2| u^s ^AjsjaQ. 8|0lttl?h WH2| §£M glTEPI 512- SIS ^si 



OlEi^ m SIOIAJ. git 7|g£M 5fe 9||0|ffllH 312) £§S 3?«0il 2|SH SAIl ^ 




in 



SI, SEHOfl AI€S asaSA|E°| AHIAI, 3 £3S£A|E2| S*l*tl7f S10I7I 

SOt. §21 SWOIB'Ss 32, E>£EI7| 



iTgW Ol^JVfr Sir JSM 

e §§s ^tj^i^i ssjskh s«8haa. s 1321 =3= ic si u^ms «i£ir ^ 

b siusj sxi^, gg7i- ssa si-tai siioiihsj ss£oii §11010121 ^hisq 3#M2i 1^2 
oprssi 2tH§ b?b a aioimej $nm w\ sm sissj^ss sooihi ththsi ms. 

S S^EIEm SIIOIIHSJ 0153a S±fSfe EPIS Stttfe S3 SOU SIIOIiH OI33±fl>fl A r §£l= 

goiHS agasAiMg hissi^ ass, 

£71 £3SSA|M = 7IXH9J 3 ?|(HI «£S, 40'cOflAI &£10| 1 .Ox 10*Pa 0|££! gsrHSS S&tHlr. 

Arj| (hiuai^ 3ss s*r«i£ ziti aoi ujewia sei- □ B*r*ii£i ss-biei^oi 

lOkg/cnf 0|£3 5J0I HUfSjSfQ. 

CmO\. & BSWAIfe. I3SSAIE7f 40kg/CB ; OflA| Smg^fi (compressive strain)OI OJ LHXI 5. OX 
°J 201 bdf^Sfa. 

s i?32i saasAise Aigee, ic mm n^s. nzv $ sjd. 

t|£^h SJ-ssi 9ioiffl 53^, 3^SS| lA^ 2 Qp^ 9J0IIH21 ^JBSQ ifE^ ^«Sh 

etsjo fie^i- §ss 9ii oici iscm ^1 ssesAise eai. a 
?a. 

7130) i= mmt\ t.i-saxi a^^oi. dgpej- ^#«isoi Ami 4 21a. oiatH soi. ^4=73 

PMOI 7IJ8 ISA! Hgm 4 SiQ. ««. 'S &SWIAIS; LH^S. LH?I« e°J SSSS^EI th£4=A| 

i oik ia la I u= laoi m, iei^bss oiai=i&iioiM, iEi¥EHne«, isi^ey&, oms/uiy 
owaois sst«i. oiiaa/(D8EW3ai+ gmwa, o^lBal/(OllE^)0^3aalOlM s&ttn. o\z±o\. 

lEI^EI?! a 1EI0I0IE 12J EH StfSJ 111 5sJtJO. 

= Mil eh S12J SOI 1.0 LHAI lOOOka/an, ISI 3.0 LHXl 500kg/cnei 7|«|7h 7IHI 1SAI UHf2jSWI ArS 

^■71 71X11 12| Ba«ISS 5 LH7CI 30Q«m, UHfS|«CT£ 10 LHAJ 200«£| ffi^Ofl °!Q. 7|XH IS 

11 S Oliz ti 112J SS Ec 0I12J SjlOIOlE 
s?# 11011 CH4HAI, llg OiaCH 2)2^1 #5K dry I am I nut ion) OH 2J«|| SJS ^ ^Oil 5J#EI7)LK 

^ wiacH a*r»£i DHTHii i*a sua ^ aa. 

it/ 7IXB 121 #3. * 3*THI! 27h HH»EI= ^2| SSS §*rfll£f2| gar«l t,^AI7l7l 9\tt, 3£ 
U «aSF7IU Sir =EWIO| §21 LH 101 XU31 4= 2iD. 

^ISr^ S^XIIl 271- 0UUAI2 S£fS S^»IS S^- S*THI1 2=- CHIUAIdSS 5AH ^ 
SQ. OT 7IXH 11 ?gSHr IIS ^S*»0t t.Cf. 

g fjgSJ 53 as AIM 100BAI, ^71 7IXJ 1 910)1 g*THIl 27) SSSD. 

gSfHIl 2= 40-C0DAI &f«10l I.Oxlo'Pa 0|«. Hrlf^«OT= 1.0x10*Pa LH7CI 1.0x10*Pa3 S^Xfll 
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oa tihcai aioiffl2» oigs# son, sgssAin ice sag ast s?2^ oi-ua tnoiag 2 
»aj?iq oioioiir sat)- 9^01 grgstii. 01 isssaie io^s s^sioi g=rms 221 see. 

5j £f 20 LHXT 60 7 c7?SCrfl^°J S*WI& 7BW Sl*l 33SI5PI UHSM. 3*21 SWH CO 

a 011% aiSa sfi*i« woiffl<s)si out sato. hu. e Bswwsr 40-cchiai esgoi 

1 Oxio'pa 0I#2J BIB* A**PI UIISOO, £ 60D EAItt dm Tl^g ejwrSS*. §2J ute 
g »W 4* so. 

at* 40XMAI eggoi i.oxio*Mi iiisfe a*rsi= s Etei raw 4 am. nau. oigg ai 
gse, oe g*ra «si skisi^ 201 sawxpi a a. 

2§ io|tt|0r^*!SH2, OflUXlfl 2AHHI °ISB §*t«]gg SOU HOIKS! OI32*g gAJ 

8VS0. 01 s£ $1 eSSie sfloim3i §3 §11010121 oiss s#st ua *«g& 

g, 3 OiUWd 2 MM £1*8 33t3 SSBSgSI EMfH 2JD|*0. 




An, Ewii LOWS th S gSWAI MgSfe BW& fcJBHKI SfeLK MiaCJ 2g 7L .S^Rli 
2 El g EIHiy C« BTOIAFgB 4 SID. B BSDJAIfe 01IUAI2 3S« gstfflg Algol 

t 201 uiflso 1st Hun£ esm a ?«vs« s*ras Amu 4> so. 

□ nig °^cm ma s*r39i# 221 ^wi= ae«i£B sf 3 lhxi ioo*n, ureraspi& er 10 

LHXI 50* oid. 

•=IUraH6lia S 12 f? AJHS 7(1995)-135189£ 8301 2101 HKKWI AWEITO. 

eHw US ^uwa aafc 3439 »«» trams as. ohjo. 

miHxixi H^raM saa= wiuxid strs atiasAi,. onaoj «3hs ^6oa^5)- 



MPi-iSs HE pmtHSHloTe n^EHHlEl >£l g H±S!E^AiaEI-0h31IEII0|E, QISEKHIEJ^Eie «! 
1 "tflb POiIaIOHJIOTm 3L= □HIMIHiM.4--a0liAI.ORIOIS W SlP'^Wff .gS. 

Savfi- itfe fell sal MEBiMdis iff «e«h obimoim a- waaaa 

5(19TO)-32,94K » Se(1996)-27,239S SfiOfl fe^Si>D ^IWaCH SO. 01 B*tHir e±AJ 

irs fall sag aej^ss-wi ne«gg si 4= so. 

a^i OBBM MLIXI£! 3£© S*T«I= WlUXIfl 5Ah SOUS II^MOfl TO S*T^g 
WB. i"2AJ ^Ofl- gaig 4= SiQ. 

#71 g*rai# 2£J 2BB>E|^S bUT^eWS 10k9/cm' 0I#, aa UH,^SCT= 10 LHAl 100kg/c«f, g 
i^ai ™«mi m» wtii ^ s ifgnVA #37 §«g2h SOI, SEmfil^c SflOIItlg 23 

g# sS i SoifflTs)g sssjssan, aa nteg »ntr 4> sid. 
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s g«oj jr.cn ^HAI&SI ^g«§2 dUffloPSe U.l LHXI 6. OX, U t#&*!5pii£ U.t> LH Ai 4.b%24 

g?|01l so. " 

AiM2i er#B«s= usssa^ (ji$) k tzosm zmtm, $\& 40k9/an%itHiAi aoo. 

iiE2j £»#W«gOI £91 gSILHOIS. ^5!12h S^Effi 9A h S3 §2h ±312r 2«£IXI S£ oig 
t>g3h2| aHWUflaai *M1 £10). g°J Ete(3g)i »W ❖ SO. 

a g-go. 53 SS: AIM 10S SIS? I- «29 1321- 0191 3f= £§ 512| 53101 HI HSSKp. 




SD^aSjSS, S9SHAIE 10£ Stf| §§1 SDOIffl 0I93±T AffSQ. 

*l|13§: SIS1 BfcftPI ?ltf ieE|E(st>eet)l COO- 3I0IIH 321 Z»!£3¥Er § At 101 :£§ 

*H2§§: 4^1 9JI0IH 3°l SHSS0I EI^EIE^ S 113 21 I35££A|M 1C# *?!*J£tCr(E 3 S2). 
jgi3gg: a+7| e, £S2| 5BP> EIE^ ?I0|IH£J 0I3S 3 WH 

2|g 5£ ^AlfcJLKE 4 g2). 



H=«B* 2S cqssj (HIUAld SSh« g=T«IS ««5l3. £91 HI2g§2| 71X11 e^S^EI WlUAIdS 5 

uSbas a £aw us?! so. 

0 |a> g S y stol s iissi ssssaimwi 21*1 2B!§ ic n^ms. XiZV 4* SO. 

^AltHI 

e srss wi ^aiods gus era aa oust ussraa. b irsai g*ie «s**s ohjq. 
^Aiofl s uihwoiai. e«s, aswew. aimsi emstit a a« erase spi ran sm #§ 

SrSQ. 



en a-(ui»BaEKi) 

AISSH: 32 8mm x £01 3mra2| S?, 

*B7|: DYNAMIC ANALYZER RDA 1 1 (EDS (HI AIOI3EJS! Ott=.0|Ar SO), 
<*g-^H<s: 1Hz 

aiegsB^on 21*1 &gmm m^tm. a.stg aiHsthoi E*st°s sh^aa. 
(2) eas E'oserw 

AI^S: 50mm(S0l) x 4mm(^) x 0.5nra(^)HI ) 
#§71 : PHEOVIBRON DOV-I l-EA(SEieS^ AF SI) 
#g ^E^: 11Hz 

AISS : 15mn(^) x 100mm(g0l) 

#§7| : INSTRON MODEL 4204 (°!^SBM HI) 

A1WM3U- OlOil SIOIH S^OI 15mm x ISmOI S|E« 491 AISSs 33 (specular) SIIOIHtHl 1kg 

SISS ArgSKJI 

A|«E2r SHOIfflP ^2| *!(chuck)£S UgSrU, 5tW«MAl *S!»tf(SBg!«)SS HfS 

sh61 #§s r aa. 

^egSiS (JIS) K 7208011 2|7l5r0|, Sp|2| ^^rSXr. 

10m x IQmnSI AIM1 S)#S|Ot ^JJI Sm& Al£g Sl^rSQ. INSTRON ^ 4204(3 i| EM M)M 

Alls W AliJ^E 5tnm/@DUA1 ^IH WtfSB AJSOfl SISi 7r5KB WrS/eiS ^fls ^ 
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yog^Fj , <am>\& 40lcg/ciB-0ilAI S^aSil ?Hd«fSD. 

roiti pi «=)W VOOAnEl fe'EI5 SIIOIQli EIOIS A|E(dicir.g sheet, gieiAt XII Adwi 1 1 D-628XH1 ^ 
2fa !=!■" 35-61 sSoi>=fi l» DAD 2H/6T(n±2A! 74I)M MiofOl «««!0|£ UWJtflS 

TrfflJ VioV^taD tfijoi ioiAife a^rsTo son 3*ra*si musks waa) zum 3 



"n •"T'l 



,1 Dll EBB 

ieglS H I SramtTLjl D.BBV » »SB ?HAI*ll(A|b» £fltfEI ?)|0i^AF SI Irgacure 184) 1 .06 

stfthoi mums sat* s*r»n saa. 
n- SfaMoDi eseMcF. ioo-cow isa- aasra. a«tAis« saa. 

01 g&fAIEs MmZM 2?\ AltJB SAmaC*. §2fB Z 10fl UEK3D. 

S SnPI PBS roBKSr«MTO*swolii oi^owoiE 7.riB»*a BSAia WIUAia ss* 

AIM 3 

at I aim la^BS a§i Wrao . a aw z i « . ueksd . 

Hei nia^niE qn^Ei^ oi 2 -*| = g AIMS 0S1I2I0|S lOSSWS^EI H2tf Slf 83 SSf 
mm BJH 3f&* S0I1=AW 3) 120BSS; ■5|0liA|0M0|S-SW«(US 83^0^ e!Q^M 

01 gSTAISe AhgoKM ^71 AlSe fiAI»taQ. 3 §2« Z'lN LIEKSD. 

Ss oBwr Jpfaf s*r^§ a^s^ 2-1 sia«ha&, ^aiob m 2i§ s e.^haa. § 

z im uaaD. 
maoii i 

SSa '"iwSB. a iai z im ueksd. 



106©^ I' 2-SIE^AIMS 0F3BMO|E SOSSgE 
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CHIUXIdSS ZMZm »S AM 42] gsfAIMl AtSStOI AliJSISCh □ S 1 CHI UE13Q. 







HEWEW kg/cm*) 






^AIWI 1 


1 07 x 1 n* 


10.8 


4.4 


0 


UkM 2 


1 . 1 0 x 1 0^ 


12.8 


4.1 


0 


ttAIOI 3 


1.48x10* 


13.5 


3,6 


0 




4.55x10* 


33.7 


3.2 


0 




6.71x10* 


11.5 


3.5 


0 




2.00x10' 


7.9 


6.2 


7 


man 2 


8.66x10' 


9.6 


5.5 


0.2 


bumofl 3 


1.78x10' 


6.5 


7.2 


9 



(ST) 

a=m 1 

s«a ej-sai s»oiffl2i ss^khi shoibsi ^msa n^ssi s^aoi^ u^ss «s 

Si S6tfh£ StfSfe S§ SOU SIIOUH 0132*100 Ah§E|2, H *IM 40*cOD 

Al &SMOI 1 .Ox 10 5 Pa 0123 g=r«ISs £*tf1=- SOOIfflg 1 9^2 AIM, 

2 

mm a= *02tHHi sjwai, garsi^sj se^eieioi iokg/a«-'oi&>3 ibssaim. 

Mm SE£ SI21HHI SiCHA). S^S^IMOI 4Clkg/c«nHIAI 0.1 LHXI 5.0*3 £3S±AIM. 

ISmm aOW/8»Bt!»OI 40kg/ciifOOAI 0.1 LHXI 5.0X3 £3M£AIE. 
3^ 6 

sk?i B^m 2tg>[t siioim oias^r Sfg: 

s«s sgoia as^oo, .a^raio^ ^oibsi ?isd srs^ n^am «ssi 

= 3?J, 

esa as?* ««s snoiiii ssoa ^ixhs* n sioo ssa, 40-cooai &g^oi i .ox icfpa 01^3 §*r 

291 SJ0IIH2I S£?fl t[ll. SIIOIIH^ S£S BVEIEV ?4IOIffl£| 01 

3# 3A*Sh= 9*1. 

8HOIEI 23011 ^*ft> 40-cOIIAI §*fWI#£| &g#0| 1.0x10 l Pa 01201 SSft-BSS (H1U 

8 

SIT^Ol 21WAI. 01IU7q<3£S 2A|*f S*f*llg2| S&HJEI630I iokg/af 0132! 

a7S . 5.^ ^8&<Ni SIWAI. OIU^I£!£g 2AI*f ^. I3MSAIM2) g}«ie«gOI 40kg/cm - ' OJAI 
0.1 LHAI 5.032J 
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